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THE history of medicine is usually presented in two forms: accounts of the evolution of medical knowledge such as those written by Fielding Garrison and Dopglas Guthrie, and discussions on medical philosophy such as have come from the pens of Allbutt, Newman, Singer, Shryock and others. But inspiring as is the story thus told, these accounts leave entirely untouched the effects of medical progress upon population and social life. For, until the scientific era, philosophy was barren of results, while advances, even including the fundamental discovery of the circulation of the blood, were totally without influence upon practice until modem times: and the pathological work of Hunter, the surgery of Pott and the invention of the stethoscope only influenced the treatment of individual patients. Indeed, up to the time of Pasteur and Lister there were only two medical advances which exerted a mass influence. These were the treatment of smallpox by inoculation and vaccination and the revolution in midwifery inaugurated by Smellie. Apart from these, progress consisted entirely in the cult of cleanliness and the development of sanitation, and although the medical profession played a leading part, not until such progress was reinforced by bacteriology can it be said to have become medical in the modem sense of this term.
Throughout the ages population and social life have been determined by two factors, food-production and epidemic disease. This aspect of medical history has unfortunately not received from medical writers the attention which it merits. Information on the subject is to be found, not in medical books, but in the works of economic historians and sociologists. Elluminating accounts are given by Miss M. C. Buer in "Health, Wealth and Population" (London, 1926) , and by Mrs. Dorothy George in "London Life in the Eighteenth Century" (3rd edit., London, 1951); and the subject is treated incidentally by Trevelyan and Clapham. Economists whom 'I have met display a lively interest in vital topics such as the relation between the death-rate and the price of wheat. But while they know more about this aspect of medicine than we do, their lack of first-hand knowledge often leads them into error. Moreover, some sociologists have imparted a political bias to such knowledge as they have picked up, and unfortunately many medical writers have accepted these views without subjecting them to professional criticism. There is a great need for co-operation between members of our profession and the economists, co-operation which this Society might well foster to the advantage of both parties. Here I propose to discuss the effect of epidemics on population, with particular regard to the evolution of medical thought on the subject. THE ORIGiN OF INFECTIOUS DISEASES That higher forms of life have always been attacked by bacteria is proved by fossil remains. There are examples of coccal infection dating from the Pre-Cambrian era over 500 million years ago, of osteomyelitis of the spine in reptiles 200 million years ago, and of carious teeth, joint infections and bone necrosis from later periods (Zinsser, 1935) . Hecker (1859) wrote: "The remains of animals make us indeed acquainted even now with diseases to which brute creation was subject long ere the waters overflowed, and the mountains sunk." It is, however, widely held that organisms which are now parasitic evolved from organisms which were free,living and saprophytic, a view which Carr-Saunders (1922) has done much to develop. This view has recently been expounded by Hare (1954) . He believes that man was not attacked by parasites until he began to live in villages, that is during the neolithic period, 18,000-6,000 B.C. In the previous pal0olithic period, which covered 98% of man's total existence, the only parasites were those which man shared with other animals, e.g. tapeworm, bilharzia, staphylococcus and B. coli. In support of this view Hare argues that, if all the present parasites had existed then, man could not have survived. Moreover the New World was colonized from the Old, North America from Northern Asia in 12,000 B.C. and Tierra del Fuego about 2,000 B.C. Yet no Old World diseases were found in the New World.
Carr-Saunders, who is concerned to refute the Malthusian doctrine, brings evidence from early travellers and missionaries to show that primitive races such as the Australian Bushmen and the Tasmanians, who correspond to our paleolithic ancestors in their stage of development, were, before contact with white man, long-lived, strong and perfectly free fron disease of all kinds, and free also from famine. By infanticide, marriage restrictions OCTOBER and other tribal customs they had instinctively and intelligently adjusted population to what Cannan called the optimum population. It happens, however, that a similar worldsurvey was made 150 years earlier by Malthus. The evidence which Malthus collected was the exact opposite; his informants found the natives living in extreme misery and subject to many diseases.
The legend of the healthy savage would be of no more than academic interest were it not that many people have deduced from it that if we undo the evils of civilization we shall re-enter the Golden Age of Health. This argument is suggested by the following passage from the Report of the Royal Commission on Population (1949): "It was only with the coming of the Copper, Bronze and Iron Ages, which brought with them, among other things, successive cataclysms, and higher death-rates from disease and war that an age-old system of regulation of numbers (i.e. infanticide, tribal customs, etc.) was disrupted."
Without, however, subscribing to the legend of the healthy savage we can at least agree with the general thesis that the agglomeration of human beings in communities provided ideal conditions for pathogenic organisms to thrive.
ENGLAND IN THE MIDDLE AGES
Between the Domesday Survey, 1089, and the present day the population of England and Wales shows two phases: a phase of extremely slow growth up to 1750 and a phase of extremely rapid growth afterwards. In the 650 years of the first phase population rose from 1,500,000 to only 6,300,000. There were considerable fluctuations, the greatest of course being the Black Death in 1349, when population fell from 3,000,000 to about 2,000,000. The Black Death was, however, by no means the unique event it is sometimes thought to have been. There had been the great epidemic in A.D. 543 in the reign of Justinian. In the seventh century Bede recorded immense depopulation and for the next seven centuries epidemics played havoc almost continuously.
The outstanding feature of society, lasting up to modem times, was the immense child mortality, a fact which is rarely realized. Creighton (1891) expresses surprise that although we have descriptions of the same diseases as those occurring now-cancer, consumption dropsy, etc.-infant sickness and mortality pass unmentioned. The reason, however, is that these were taken for granted; they were expected and were therefore not worth worrying about. Trevelyan (1942) says: "The death-rate, even in upper class families, was very heavy, and the poor only expected a slender proportion of their immense progeny to survive."
This immense mortality cannot be expressed in figures, but it can be deduced from the almost stationary population which, under the best circumstances, could increase only at an infinitesimal rate as more land was brought into cultivation. Calculation shows that a township of 1,000 inhabitants would take 100 years to increase to 1,200. In each family there was room for only two children to survive; the rest had to die. Biologically such mortality was indispensable for the continuance of the race, a fact noted by Malthus. For had there not been an excess of births in the good times the race could not have survived the bad times.
THE EFFECTS OF URBANIZATION
Virulent visitations had always affected the country more or less uniformly except for the seaports. But during the fifteenth century towns became sufficiently large to make them more liable to infection than the rural areas. This to my mind marks an important turningpoint. We get a division of the country into the rural areas where births exceeded deaths and the towns where deaths exceeded births, the balance being made up by migration into the towns. Thus began the condition described by Rousseau: "Les villes sont le gouffre de l'espece humaine." We see the importance of this when we study the so-called Great Plague of London in 1665. Most of us carry from our school days the impression that this event was a bolt from the blue, terminated by the Great Fire in the following year. This is quite misleading. In the first place relatively to population it was not outstanding. Plague had continued off and on ever since the Black Death. Between 1607 and 1665 London was only free from it in four widely separated years. The chief visitations are shown in Table I . What was remarkable about the Great Plague was that it was the last. Why it disappeared remains a mystery. The popular idea that the infection was destroyed by the Great Fire cannot be accepted. The fire did not involve the parts worst affected, it must have aggravated overcrowding and it was not followed by any improvement in sanitation. Moreover plague came to an end at the same time all over Western Europe except for the Marseilles epidemic in 1720. The modern theory, accepted by Bell (1951) , attributes its disappearance to the destruction of the black rat by the Norwegian brown rat, the latter being a much-less efficient carrier.
This immense and repeated mortality had no effect whatever on the population of London. John Graunt (1662) , who may be called the first medical statistician, stated his belief that however severely London might be affected the population would always recover in two years owing to immigration from the country. Bell writes:
"The Plague took adult life in large proportion. Infant mortality thereafter kept down the population much as plague had done. So vast was the sacrifice of infant life in London from the Restoration until late in the eighteenth century that the deaths under the age of two years amounted in some years to two-fifths of the deaths at all ages.... The London mother could expect the survival of but one-half, or little more than onehalf of the family to which she gave birth. Still there was this human sacrifice, not indeed to the Moloch of Plague, but to another of the vexed gods. To man's ignorance Nature is inexorable in extracting the penalty." This, to my mind, is quite the wrong way to look at it. The truth is that medical science cannot increase the population beyond food-supply. London had in the country a vast reservoir of people on which it could draw. In the country only a limited number could be supported. As Arthur Young wrote of a later period, "Ten times the boasts are sounded in the ears of country fools to induce them to quit their healthy, clean fields for a region of dirt, stink and noise." But the fields, however healthy and clean, could not support more than two children in each family; the rest were compelled to migrate to the towns if they were not to die of starvation. Accounts of the Great Plague are certainly horrifying, but only because people died in such large numbers at once. But those same people would have died of starvation in the country if there had not been London for them to go to.
DISEASE SUBSTITUTION
No longer overwhelmed by the devastation caused by plague, doctors had time to interest themselves in other epidemic diseases, notably smallpox which came into prominence in 1602. As to the cause, two opposite views were held. On the one hand there was the strong popular belief in contagion, shown by the insistence on quarantine and the shutting up of houses containing the infected. On the other hand there was the belief in emanations from the earth. Even as late as 1891 Creighton believed in a virus rising from ground contaminated by superficial burials. In Victorian times travellers in the East noted that during epidemics of plague rats behaved oddly. Emerging from their holes they sprang upwards on their hind legs as though trying to jump out of something and then fell down dead. It is interesting to note that quite recently Dalrymple-Champneys (1955) , discussing before this Society the mysterious behaviour of epidemics, found it necessary to invoke cosmic influences.
The doctors of the period made up for their ignorance of pathology by the application of statistics under the influence of Graunt, Sir William Petty, Heberden junr., Bissett Hawkins and William Farr, the main problem which interested them being the relation between different diseases and the way in which one disease took the place of another. Haygarth (1793) asserted that "a considerable number of those who now die of the smallpox would die in childhood of other diseases if this distemper were exterminated." This was the very thing Malthus (1789) wanted, for it was a natural corollary to his theory of population. In a famous passage in the-Essay he says: "I feel not the slightest doubt that if the introduction of the cowpox should extirpate the smallpox, and yet the number of marriages continue the same, we shall find a very perceptible difference in the increased mortality of some other diseases. Nothing could prevent this effect but a sudden start in our agriculture." The same idea was picturesquely expressed by Heberden (1801): "We cannot lower the waters of misery by pressing them down in different places, which must necessarily make them rise somewhere else.... Changes in diseases correspond to the alterations in the channels through which the great stream of mortality is constantly flowing."
The disappearance of plague, according to Heberden, was followed by an increase in consumption, paralysis, gout, lunacy and smallpox, due to "idleness, intemperance, covetousness, anxiety and manufactories". Marshall (1819) wrote: "In Sydenham's time it was computed that sixty-six thousand out of a hundred thousand died in London of fevers. This large proportion of fevers is now supplanted by other diseases; and even our fevers are not of the same complexion they were in those days, for we are strangers to the symptoms in them denoting their former pestilential and malignant quality." Bissett Hawkins (1829) noted that with the disappearance of the old diseases others had become more prevalent: scarlet fever, consumption, gout, dropsy and all diseases of brain and nerves. In words which have become familiar to the modern ear he attributed this to "great opulence, less manual labour, more intellectual pursuits, sedentary occupations and multiplication of political interests". Gilbert Blane (1822) agreed with Malthus "that such a saving of life as is within the reach of vaccination, or any other medical means, can be of little value to the great interests of society". But while he admitted this as a maxim of political science, he opposed to it the greater maxim of moral science. "Social institutions," he said, "and the dependence of individuals upon each other, or the human species in any form, could not exist without kind affection and beneficence, and whatever is amiable and excellent in the human character." Malthus's theory therefore did not absolve doctors from their duty to preserve lives and alleviate suffering.
WILLIAM FARR AND ROBERT WATT
Among the most violent opponents of Malthus was William Farr who ranged himself whole-heartedly on the side of the optimists, Godwin (Shelley's father-in-law) and Condorcet, that tragic figure who wrote his encomium on optimism though fully aware that he could not escape the guillotine. In his reports from the Register Office Farr made several references to the subject. The means of subsistence, he thought, could always be made to increase faster than the increase of population. The severity of the struggle for existence called forth the excitement of battle and energy and the perpetual selection of finer varieties. Hence England's greatness. "The state of nations at the present day, and the history of past ages, prove that the maintenance of equilibrium between subsistence and population ... has been left hitherto to the sense of both sexes." This comes very near to Godwin's view: "Strip the commerce of the sexes of all its attendant circumstances and it would be generally despised", a consummation envisaged in a more violent form by George Orwell in "1984". "The means of regulation", said Farr, "are in the hands of nature and society for increasing and diminishing population and are simple, efficient and quite compatible with our ideas of the divine government of the world.... Population demonstrates the safeguards by which human life has been surrounded by God and the laws."
It will thus be seen that, great statistician as Farr certainly was, his excursion into philosophy landed him in a jumble of religion, rationalism, mystique and jingoism. The astonishing thing is that, although knowing better than anyone else the immense child-mortality from infectious disease, he should write in this vein. It seems to have been a curious blind spot in his outlook for which I think there were two reasons. First, he lived inan age of rapid industrial expansion and unbounded optimism, the age of Tennyson and the Great Exhibition. Secondly, this optimism justified an intense religious conviction that all was right with the world; every argument had to demonstrate the goodness of God, confirming the Pauline message: "All things work together for good to them that love God." But although Farr objected to the doctrine of Malthus, yet (and here again he showed inconsistency) he accepted its logical corollary, the theory of disease-substitution. This was owing to the influence of that remarkable man Robert Watt. Born in 1774, Robert Watt startedlife first as a ploughboy, then as a carpenter. Entering GlasgowUJniversity he distinguished himself in Greek, and became a schoolmaster. At the age of 24 he learnt medicine in an apothecary's shop and in the following year, having obtained alicence, set up in practice at Paisley. In 1808 he published a book on Diabetes. In 1812 he compiled a catalogue of Medical Books with 1,000 entries; he also formed a museum. In 1814 he published anonymously "Rules of Life with Reflections on the Manners and Disposition of Mankind." He founded the Glasgow Medical Society, becoming its first President. His greatest work, however, was the "Bibliotheca Britannica: A General Index to British and Foreign Literature," a vast undertaking which caused his premature death in 1819.
The book which concerns us here is his "Essay on the Chin Cough and the Relative Mortality of the Principal Diseases of Children"(1813). From a careful examination of the burial registers Watt found that in 1791 Glasgow,with a population of 66,600, had the worst record of any city for smallpox, deaths being 114 in October and113 in November. In 1808, the population being over 100,000, deaths from smallpox were very few, but deaths from measles rose considerably, being 259 in May and 260 in June, and there was a significant increasein whooping-cough. In thirty years smallpox declined to one-fifth, but measles increasedeleven times. The heavy mortality from measles was popularly attributed to smallpox inoculation, but Watt stoutly denied it. In 1659 Thomas Willis had maintained that smallpox fortified children against measles. Watt at first agreed, but later brought forward a different explanation. He found that between 1783 and 1812 deaths of children 788 20 under two had decreased, but deaths between five and ten had increased. The transfer to measles was therefore due to the fact that smallpox usually came first and carried off the weakly infants. When we consider the overwhelming power of infectious diseases at a time when half the children died before reaching the age of ten it is clear that the removal of the first hurdle was sufficient to cause a greater number to fall at the second.
Watt's theory met with some opposition particularly from Jenner who objected to what he called its evil tendency, and it seemed to be proved false by a further outbreak of smallpox. Later experience, however, proved its truth, for when smallpox continued to decline, scarlet fever came into prominence, diphtheria appeared in 1858 and cerebrospinal fever in 1865.
These considerations led Farr to write in 1874: "The zymotic diseases replace each other; and when one is rooted out, it is apt to be replaced by others which ravage the human race indifferently whenever the conditions of human life are wanting. They have this property in common with weeds and other forms of life: as one species recedes another advances.... For the mere exclusion of one out of many diseases appears to be taken advantage of by those other diseases, just as the extirpation of one weed makes way for other kinds of weeds in a foul garden."
Farr carried the argument further. Following Blane, who, in 1815, had attributed the increase in consumption in young adults to the saving of sickly children, he said that "the effect of the subtraction of the early fatal zymotic diseases and of phthisis, fatal in middle life, is to leave greater numbers alive at the advanced ages-greater numbers to die of the diseases attendant on advancing age". And he made this calculation, pregnant with meaning for the future: "If those who had cholera in Paris had been seized by consumption they would have endured 73,000 years of sickness instead of 158,118 days [i.e. 433 years); the living in the epidemics of the Middle Ages could not have watched the sick if their diseases had been protracted."
The substitution of chronic for infectious diseases was indeed well under way when Farr wrote, for in Chadwick's tables for the year 1838 deaths from infectious diseases were far surpassed by deaths from diseases due to other causes.
INTRODUCTION
"THE dissecting-room is his favourite resort for refreshment, and he broils sprats and red herrings on the fire-shovel with consummate skill, amusing himself during the process of his culinary arrangements by sawing the corners off the stone mantelpiece, throwing cinders at the new man, or seeing how long it takes to bore a hole through one of the stools with a red-hot poker." The passage I have just quoted is from a little book entitled "The London Medical Student," by Albert Smith, published in 1861 and sold for one shilling, a book which my father commended to my notice many years since and which suggested to me an investigation of that strange genus, the medical student.
A complete consideration of the medical student through the ages would, of course,
